The tidal disruption of a star by a massive black hole (MBH) is thought to produce a transient luminous event. Such tidal disruption events (TDEs) may play an important role in the detection and characterization of MBHs and probe the properties and dynamics of their nuclear stellar clusters (NSCs) hosts. Previous studies estimated the recent rates of TDEs in the local universe. However, the long-term evolution of the rates throughout the history of the universe has been hardly explored. Here we consider the TDE history, using evolutionary models for the evolution of galactic nuclei. We use a 1D Fokker-Planck approach to explore the evolution of MBH-hosting NSCs, and obtain the disruption rates of stars during their evolution. We complement these with an analysis of TDEs history based on N-body simulation data, and find them to be comparable. We consider NSCs that are built-up from close-in star-formation (SF) or from SF/clusters-dispersal far-out, a few pc from the MBH. We also explore cases where primordial NSCs exist and later evolve through additional star-formation/clusterdispersal processes. We study the dependence of the TDE history on the type of galaxy, as well as the dependence on the MBH mass. These provide several scenarios, with a continuous increase of the TDE rates over time for cases of far-out SF and a more complex behavior for the close-in SF cases. Finally, we integrate the TDE histories of the various scenarios to provide a total TDE history of the universe, which can be potentially probed with future large surveys (e.g. LSST).
INTRODUCTION

A tidal disruption event (TDE) by a massive black hole (MBH) occurs when a star comes closer than its tidal radius (approximately given by r t = (M • /m ⋆ )
1/3 r ⋆ ; where M • is the mass of the MBH, m ⋆ is the mass of the star and r ⋆ is its radius). The star is then pulled apart by the tidal forces by the MBH, part of its material is ejected away and part is accreted on the MBH (e.g. Rees 1988 ). The explosive disruption itself, and the later accretion on the MBH likely give rise to transient energetic phenomena potentially observable (with more than ten potential detections to date) with current and future telescopes (e.g. Gezari 2014) .
MBHs are thought to exist in a significant fraction of all galactic nuclei. Due to their high mass (10 5 −10 9 M ⊙ ), they dominate the gravitational potential in the nuclear star clusters (NSCs) which typically host them (at least at the 10 5 − 10 8 M ⊙ MBH mass regime); the orbits of stars in the central parsecs around MBHs are therefore governed by the potential of the MBHs. The longterm dynamical evolution of the stars in the region of influence of the MBH is also determined by their interactions and mutual gravitational scatterings with other stars in the NSC. These can be modeled using a FokkerPlanck (FP) approach to describe the diffusive behavior of stars in NSC. (Bahcall and Wolf 1976) , where the close approaches of stars to the MBH leading to their tidal disruption can be modeled as a sink-term in the FP equations. TDE rates calculated following such an approach typically give rise to rates of the order of 10 −5 up to 10 −3 yr −1 per galaxy in the local Universe, assuming some steady state condition of the NSC (e.g. Wang and Merritt 2004, and references therein) .
Since the 1980's tidal disruption of stars by MBHs were suggested to occur in galactic nuclei and produce luminous transient events with unique signatures (Rees 1988) . The signatures can teach us both on the dynamics in galactic nuclei as well as on the conditions very close to MBHs, and their properties. Such TDEs have since been extensively studied theoretically, and a significant observational effort has been put in their detection (Gezari 2014 ). Many studies have estimated the rates of TDEs (e.g. Magorrian and Tremaine 1999, Merritt (2009) and Brockamp et al. 2011) in the local universe, and several estimates have been derived based on direct observations of TDE-candidates in recent years (Khabibullin and Sazonov 2014; van Velzen and Farrar 2014) . Since the structure and the properties of NSCs vary with time, it is expected that the TDE rates will change accordingly. Moreover, the change of TDE rates can be used as a proxy for characterizing the properties of NSCs and/or the history of the build-up of MBHs and NSCs in the universe. In particular, future deep surveys may allow the detection of TDEs from earlier stages of cosmological evolution arising from younger galaxies, and potentially provide a handle on the TDE history (Gezari 2014) . Nevertheless, the evolution of TDE rates with time and their dependence on the NSC and starformation history and evolution have been little studied.
In this work, we explore the TDEs history (TDH) by studying the rate of tidal disruption of stars in NSCs. We simulate the evolution of NSCs in several types of galaxies by FP analysis as well as N-body simulations. We obtain the TDE rates as a function of their evolutionary history, and find that they are affected by the NSC structure and its build-up history. By integrating the TDE rates from galaxies of each type we obtain the total galaxy averaged TDH of the universe expected to be observed. We thereby provide a first global estimate of the TDH accounting for NSC build-up, albeit with simple models.
In the following we begin by a brief description of the Fokker-Planck analysis and N-body simulations of evolving clusters. We describe our approach of evaluating a sink term from FP analysis for calculating the tidal disruption rate. We then present the TDH and its dependence on the MBH mass and the NSC build-up history in different types of galaxies. Finally, we consider the global, galaxy averaged, TDH of the universe evaluated by integrating the TDE rates arising from the different types of galaxies (and their correspondent evolutionary histories) and relevant MBH masses. We note, that our model is based on typical NSCs that undergo basic processes and their dynamics are dominated by two-body relaxation. The model can be expanded, and future works may include other processes and properties in NSC such as non uniform stellar mass, self-consistent potential, non-spherical NSCs etc. Here we provide a first study of the history of TDEs using simple models.
METHODS
In our work we explore the tidal disruption rates in NSCs through their evolution in time. We focus on simple, spherical NSCs that evolve through in-situ star formation (SF) (Aharon and Perets 2015) , and study other cases of NSCs that are built-up through consecutive infalls of massive clusters or evolve from a pre-existing stellar cusp. The main analysis method used in our work is based on the numerical solution of the FP equation, complemented by N-body simulations of NSCs evolution.
Our model includes a stellar cluster, the NSC, harboring a central MBH. It focuses on the stars in the central few parsecs of the NSC, and in particular in the range between the tidal radius -r t ≈ r * (M • /M * ) 1/3 below which regular stars are disrupted by the MBH, and the radius of influence where the stellar motions are dominated by the MBH potential, defined by
where r * , and M * are the typical radius and mass of stars in the NSC, respectively; and σ ⋆ is the velocity dispersion of stars just outside the NSC. For r > r h the original model following Bahcall and Wolf (1976, hereafter BW) assumes the existence of a "thermal bath" which supplies stars to the inner region of the galactic nucleus. The stellar orbits within r h are assumed to be Keplerian in this range. The relaxation time, that dominates the timescale of the stellar cluster, is defined as
Where ρ is the stellar density, and ln(Λ) is the Coulomb logarithm, a factor which is related to the scale of the system (ln(Λ) ≈ 10).
Fokker-Planck analysis and N-body simulation
The FP model, extensively used in our work, consists of a time and and energy-dependent, angular momentumaveraged particle conservation equation. It has the form:
where
The term F = F [f (E), E] is related to the stellar flow, and plays an important role in the evolution of the stellar cluster. It presents the flow of stars in energy space due to two-body relaxation, it is defined by:
(5) The addition of the source term that represents the SF has the form:
Π(E) is a rectangular function, which boundaries correspond to the region where new stars are assumed to from; E 0 is the source term amplitude; and F SF is a power-law function with a slope α, defining the SF distribution in phase space. For a detailed description of the Fokker-Planck analysis see Aharon and Perets (2015) where the same analysis was used for studying the evolution of NSCs with in-situ SF. Note that the sink term F LC (E, T ) in Eq. 3 is used for evaluating the tidal disruption rates in our models. This term represents stars with energies in the interval (E, E + dE) that flow into the MBH (mostly due to angular momentum change; the sink-term represent the effective loss in energy space; see Bahcall and Wolf 1977; Lightman and Shapiro 1977) , and are therefore lost from the system (see Merritt 2013a for detailed overview of loss cone analysis).
For modeling tidal disruption through N-body simulations, we follow the same methods and similar assumptions, as well as make the same use of the same code in and , where the TDE rates are evaluated. For a detailed method explanation along with the initial conditions of the infalling clusters and TDEs estimation, see . In brief, we run direct N-body simulations (using the φGRAPE code, Harfst et al. 2007 ) of the consecutive infall and merging of a set of 12 single-mass globular clusters each with mass of 10 6 M ⊙ , inspiralling from a galactocentric distance of 20pc.
MODELS
Formation and evolution of NSCs
In our study, we explore the TDH through two formation/evolutionary models of NSCs: in-situ star formation and cluster infall. The study is done by using the FP analysis to simulate an evolving NSC with an addition of extra source term (see Aharon and Perets 2015 for the full analysis). In the in-situ SF model we consider two possible cases: NSCs that are entirely built-up from the in-situ SF, and NSCs that evolve from an initial steady state BW distribution (hereinafter "built-up SF" origin and "primordial cusp origin", respectively). In both of the scenarios, the initial density profile is determined from an arbitrary initial distribution function (DF). For the bound stars inside the radius of influence in the primordial cusp scenario the DF takes the form of f (E, t 0 ) ∝ E 0.25 (corresponding to the BW steady-state cusp which has the form of n ∝ r −7/4 ). The normalization of the number density at the radius of influence for each scenario is given in table 3.1. We consider different masses for the hosted MBH in their centers, where the density profiles of the NSCs are normalized in the same way as done in Wang and Merritt (2004) , where the parameters were taken from typical galaxies (e.g. NGC 4551/4621). The velocity dispersion (which is taken into account in the calculation of the radius of influence) is evaluated from the M-Sigma relation: M • ∝ σ 4.36 , (Merritt and Ferrarese 2001) .
5 × 10 5 1 × 10 6 5 × 10 6 1 × 10 7 density profile at r h [pc −3 ] 6 × 10 3 1 × 10 4 4 × 10 4 1 × 10 5 In the built-up SF scenario the initial DF is evaluated according to the term F SF (Eq. 6), where the initial number density is equal to the added number density every time step. For both of the scenarios, The chosen slope of the SF function is motivated by the observed power-law (Do et al. 2009; Bartko et al. 2009 ) distribution of young stars observed in the young stellar disk in the GC. The DF of the unbound stars (−∞ < r < r h ) has the form of a Maxwellian distribution. We study the TDE rates throughout the evolution of NSCs and For each scenario we tested several types of SF history corresponding to the galaxy type studied (see Section 3.2). Though we use the FP approach for our modeling of the TDH, we also complement our analysis with N-body simulations of the cluster-infall scenario. As discussed later on, we find that models of in-situ SF in the outer regions of an NSC evolve very similarly to those of cluster infall, since the clusters shed their material in the same regions, effectively providing a source term similar to that arising from SF. Therefore our models of in-situ SF in the outer regions of an NSC effectively well capture models of cluster-infall, at least in terms of the TDE rates under the assumptions made in our study.
Star formation history in different type of galaxies
We followed the evolution of several types of galaxies with different SF scenarios. For each type of galaxy and SF scenario we evaluated the TDE rates and their evolution. We considered the following simplified cases: (1) An elliptical galaxy with SF occurring only at the early stages of the evolution of the NSC; and (2) spiral galaxy with either continuous SF or repeating bursts of SF occurring throughout the evolution of the NSC to present days. The correspondence between galaxy type and its typical SF history follows Madau and Dickinson (2014) . We used a simplified model to describe the noncontinuous SF star-burst scenario, where we assume the bursts occur at equally spaced time intervals (Gyr), at ten times the rate of the continuous SF models, but only for 100 Myrs (as to have the same total SF averaged rate). We summarize the types of galaxies and the SF scenarios simulated in our work in Table 2 . Note, that we also study different scenarios for the regions where SF may occur; either in the range between 2.0 − 3.5pc or in the range 0.05 − 0.1pc from the MBH. The ranges that were chosen for SF in our work are motivated by the observed existence of a possibly star-forming circumnuclear gaseous disk in the range of 2-5pc in the Galactic center (similar young stellar populations are observed in other galactic nuclei, e.g. Seth et al. 2006) . Most of the presented SF scenarios are based on these observations. The close-in SF region (< 0.1pc) is motivated by the existence of a nuclear stellar disk of young stars very close to the MBH in the Galactic center (e.g. Do et al. 2009; Bartko et al. 2009 ). The averaged rates of SF were set to 10 −4 − 5 × 10 −3 yr −1 , motivated by the observed number of stars in the central parsecs of galactic nuclei, as to obtain a total mass of ∼ 10 6 − 5 × 10 7 M ⊙ comparable to the masses of NSCs derived from observations of the GC and extragalactic NSCs (Seth et al. 2006 ).
In addition, we note that the range of of 2.0 − 3.5pc is also representative of the range where a disrupted cluster dispenses its stars close to the MBH, thereby buildingup the NSC stellar population (e.g. Antonini et al. 2012; ; the exact cluster tidal radius depends on the MBH and NSC mass and could have a slightly larger range). Finally, we also considered different rates of SF in the NSC to access their overall effects on the TDH. All models used are summarized in Table 1 . Note that bursting SF models where SF occurs in the outer regions also serve as good proxies for the cluster infall model, as we discuss later on.
We simulated the evolution of each NSC (described in Table 2 ) with its corresponding TDE for four different masses of MBHs: 5 × 10 5 M ⊙ , 1 × 10 6 M ⊙ , 5 × 10 6 M ⊙ and 1 × 10 7 M ⊙ in order to evaluate a general form of TDEs dependency on MBH mass. For each studied mass of MBH the appropriate relaxation time corresponding to the velocity dispersion (evaluated from M-Sigma relation, Merritt and Ferrarese 2001) was determined, and used to produce the primordial clusters considered in the relevant models. The rates of tidal disruptions were then evaluated throughout the NSC evolution. The evolution of NSCs hosting MBHs of higher masses is not discussed in this work, since the tidal radius for MS stars falls below the Schwarzschild radius (2GM • /c 2 ). Therefore, MBH with higher masses would not contribute to the TDE rates of typical main-sequence stars. Lower mass MBHs may also exist, though there is little observational evidence for their current existence, but this is likely due to current observational limitations. Nevertheless, such low mass MBHs may give rise to TDEs with significantly different observational signatures, and we therefore limit our study only to more massive MBHs.
Assumptions and Limitations
The disruption rates of stars by MBHs depend both on the NSC properties as well as on several possible physical processes. These processes include for example the presence of massive perturbers, that refill the loss cone (e.g. Perets et al. 2007 ), the evolution of central MBHs binaries and the effects of non spherically symmetric potentials in the nucleus (see Merritt 2013b for a comprehensive review). Some of these processes are efficient in increasing the TDE rates, but typically operate only on short timescales (e.g. binary MBH mergers), while the level of non-sphericity of galactic nuclei is not well Another important assumption is that the MBHs in our models evolve and change their mass. This change is done by adding the mass of the disrupted stars to the MBH during the evolution of an NSC. We emphasize, however, that the growth of the MBH mainly affects the TDE rates in the lower rates of SF scenarios and for initial low masses of MBH, in which cases the total added mass becomes comparable to the initial mass of the MBH . In these cases, the TDE rates decline with time (see Fig. 5 ), while the TDE rates grow with time for the more massive MBHs.
We continuously change the NSC structure up to the radius of influence according to the evolution of the FP models. As the mass of the MBH grows we change the velocity dispersion σ ⋆ assuming the M-σ relation holds at any given time. The radius of influence (Eq. 1) is then changed according to the updated mass and velocity dispersion, and the outer boundary condition of the thermal bath also change accordingly, following Wang and Merritt (2004) . We note and caution that this is not a trivial assumption; its advantage is in consistently relating the MBH, the velocity dispersion and the stellar density outside the NSC, and therefore, by definition producing a final NSC and environmental configuration which is in accordance with the observed M − σ relation today (though the relation is defined in the context of the velocity dispersion at larger radii). The disadvantage is in using an ad-hoc assumption in which the M − σrelation is continuously kept at all times; whether this holds is currently unknown. To the best of our knowledge previous studies used either a constant outer boundary conditions (e.g. Wolf 1976, 1977; Cohn and Kulsrud 1978) , or had self-consistently evolving open outer boundaries (Murphy et al. 1991) ; in this latter case the initial conditions determined the velocity dispersion and the density in the NSC outer region. Since no additional boundary conditions or an outer thermal bath were introduced, the conditions in the outer regions (where relaxation is slow) hardly changed (see below), and the NSCs was effectively described as isolated system, unrelated to the larger scale evolution of the galaxy. Thereby it could not reproduce a configuration based on the M − σ relation today, unless arbitrarily put by hand as initial conditions. Given these limitations and the debated understanding of MBH feedback and the origin of the M − σ relation, we believe the ad-hoc assumption we use is quite reasonable, and compared with other choices it introduces a plausible relation between the NSC and the larger scale environment consistent with current observations.
Our modeling accounts for the NSC stellar population (the density profile) up to the radius of influence in the evolving NSC, while the stellar population outside the region is assumed to be consistent with the large scale galactic bulge, as described above. We assume the potential is dominated by the MBH and neglect the contribution from the stellar population of the NSC, i.e. the contribution of the stellar component up to the radius of influence is neglected, similar to the original BW study. Up to the radius of influence this simplifying assumption is justified, while far from the MBH it breaks down. Nevertheless, at these regions the relaxation time becomes larger than the Hubble time, and the background does not change due to the NSC internal evolution. The intermediate regions beyond the radius of influence, in which relaxation time can still be significantly shorter than a Hubble time are small, and therefore our simplified modeling should still well capture the overall dynamics of the NSC.
For our final integrated TDH results (see Section 4.3), we extended the range of MBHs masses between 10 5 and 5 × 10 7 M ⊙ by using the interpolated power-law function that describes the dependence between TDE rates and MBH mass (Eq. 7). We do not consider TDEs from lower mass MBHs, or TDEs of evolved stars, which could be relevant even for MBHs above this mass range.
Here we only consider simple models of spherical NSCs hosting non-evolving MBHs of given masses with relaxation dominated by two-body scattering of low mass (Sun-like) stars. Other models are beyond the scope of this initial study and will be explored elsewhere.
RESULTS & DISCUSSIONS
Tidal disruption events history from Fokker-Planck analysis
Cluster infall and star-formation in NSC outskirts
Stellar clusters infalling into the nuclear regions are typically disrupted and shed their stars at scales of a few pc from the Galactic center, due to their disruption by the potential of the MBH and the existing NSC (e.g. Perets and Mastrobuono-Battisti 2014). There is also evidence for star-formation, young stellar populations and dense star-forming clumps in these regions (e.g. the nuclear stellar disk in the Galactic center, and young stellar populations in many galactic nuclei, Seth et al. 2006; Oka et al. 2011) . Together, these suggest that both in-situ SF and cluster infall scenarios give rise to a source term of stars in regions at a few pc from the MBH. In the following we present the results of FP calculations, where star-formation/cluster infall scenarios are assumed to introduce new stars, a "source term" in the FP models, in the regions between 2-3.5 pc. Note that we use the term SF throughout the following discussion, but it effectively also represents a source term of stars from infalling clusters.
As discussed in the previous sections, we have explored the TDE rates as a function of the SF rate and characteristics. Figures 1 and 2 show the evolution of the TDE rates with time for various models of the NSCs. As expected, the TDE rates grow with time as the NSC stellar population and the density of the NSCs increase due to star-formation. The early times TDE rates in the models of early star-formation (ellipticals) are significantly higher than the corresponding rates in the models with long term SF (spirals). However, at later times the NSCs in both cases saturate to similar levels as the NSCs reach similar densities at late times (in cases of the same total cumulative SF throughout the evolution). The TDE rates in NSCs with initial primordial cusps are generally higher, since the overall stellar populations are larger. The rise in the TDE rates is not linear as in the builtup NSCs models as relaxation processes are more pronounced already at early stages. Since typical relaxation times are longer than the length of SF bursts in our models, it is not surprising that the SF bursts models behave very similarly to those with continuous SF (with same averaged SF rates). Henceforth we omit the results for SF burst models, which are essentially the same as those in the continuous SF models.
The high SF during the first Gyr in the elliptical galaxies models give rise to a significant increase of the stellar population in the NSC, and correspondingly leads to shorter relaxation times, and higher densities. In turn the TDE rates rapidly increase during this epoch, due to these effects, and the increase becomes shallower only at later times after the end of the SF epoch. Nevertheless, the rates continue to grow in time even after 10 Gyr of evolution as stars from the galaxy slowly diffuse into the NSC. In the spiral galaxy models SF is continuous throughout the evolution, and the TDE rates similarly increase in a more continuous manner.
In addition to the comparison between TDEs in different types of galaxies, we compare the TDE rates for different masses of MBHs (5×10 5 M ⊙ , 1×10 6 M ⊙ , 5×10 6 M ⊙ and 1 × 10 7 M ⊙ ). We present the behavior of each scenario and for each of the MBH masses along with the evolution of the total mass of the NSC; see Figures 3  and 4 . These probe the dependence of the TDE rates on the mass of the MBHs. It can be clearly seen that the TDE rates decrease with the mass of the MBH. This result has already been discussed by Wang and Merritt (2004) , and can be well understood from loss cone analysis (see Merritt 2013a). Merritt (2009) have discussed the evolution of TDE rates with time in the case of a non-SF NSC. Though our models always include SF, the evolution of models of preexisting NSCs in which only an early SF epoch occurs, evolve very similarly to the models explored in Merritt (2009) , after the end of the SF. Such models generally predict a global decrease of TDE rates over time. . A different trend exists in the evolution of TDE rates in models with long-term SF, in which the TDE rates slowly increase with time as the NSC keeps growing due to SF. Fig. 5 shows the TDE rates for the models with lower SF rates and low MBH masses. Note that in the models with MBHs masses of 5 × 10 5 M ⊙ and 10 6 M ⊙ the TDE rates decay with time. In these cases the restive increase in the MBH mass significantly increase the relaxation time leading to lower TDE rates, even though the total masses of the NSCs increase.
Star-formation in the inner regions of NSCs
In addition to the TDH presented above, corresponding to SF at a distance of 2 − 3.5pc, we also studied the TDH in a different scenario, where SF is assumed to mainly occur in the inner regions of NSCs. Evidence for such more nucleated SF can be found in our own galaxy, where a young stellar population is observed in the inner ∼ 0.1pc near the MBH; though it is not clear if such SF is typical (such regions can not yet be resolved in other galaxies), we consider this possibility for completeness. We followed the same conditions used in the previous scenarios, but we changed the range of SF to correspond to distances of 0.05 − 0.1pc. Figure 6 presents the TDEs history for SF rate of 5 × 10 −3 yr −1 and 5 × 10 −4 yr −1 for elliptical and spiral galaxies, respectively. On the right panel we notice a different behavior of the TDH for elliptical galaxy compared with the outskirt SF scenarios: while there is a rapid growth in the disruption rates during the epoch of SF, the rates decreases with time once the SF process is quenched. Since the stellar densities increase on relatively short times as many stars are formed close to the MBH, the NSC is initially far from its steady state configuration. The inner regions are "over-populated" and relaxation processes take time to redistribute these stars throughout the NSC. Since stars in these regions are more susceptible to being tidally disrupted (larger loss cone), the TDE rates increase rapidly, before the NSC structure re-equilibrates. The long-term SF occurring in spiral galaxies allows for relaxation processes to redistribute the stars, and the TDE rates increase more slowly, as the NSC is built-up.
Global SF in NSCs
In addition to the TDHs of NSCs evolving through an early SF epoch or through continuous SF (described in Table 2 ), we also studied models in which the SF follows the global universal SF history (i.e. Madau and Dickinson 2014) in such global models early SF is more significant, and then it gradually decrease by an order of of magnitude (Madau and Dickinson 2014) . Such models are therefore expected to be more similar to and from a primordial cusp (right). The rates of SF are 10 −3 and 10 −4 stars×year −1 for elliptical and spiral galaxies respectively. The total number of stars formed throughout the evolution is the same; NSC with primordial cusps have a larger number of stars as they have similar SF histories but they also include the stellar populations of the primordial cusps. the early SF epoch models ("elliptical galaxies"). In Fig.  7 we show the results from thee models, which confirm these expectations; these models show similar trends as those in Fig. 7. 4.2. Tidal disruption events history using N-body simulation data Following the cluster infall study (described in Perets and Mastrobuono-Battisti 2014), we evaluated the disruption rates of stars based on data obtained from N-body simulations. This provides us with a complimentary approach to the FP calculations, through a different type of analysis. As we show in the following the FP calculation for models with SF in the NSC outskirts and the calculations based on N-body data are generally comparable. Note that the N-body calculations are computationally expensive, and therefore we show only a single case, while our general main results (shown in the previous sections) are based on the FP calculations. Note that direct calculation of the TDE rates from an N-body simulation requires appropriate resolution, number of particles and calibration. We have followed a more simplified approach where the N-body simulations only provide us with the effective radial density profile at any given point in time, from which we then calculate the TDE rate semi-analytically, similar to the approach used in Mastrobuono-Battisti, Perets & Loeb (2014) . This avoids the obstacles arising from the direct calculations of TDE rates in N-body simulations, at the cost of a less accurate result, and the use of the simplifying assumption of an isotropic distribution.
In the cluster-infall scenario clusters are added to the system on equally spaced time intervals. They then inspiral and disrupt, and their stars build-up the NSC. To a large extent this is captured by the FP models which introduce stars in the NSC outskirts; since the infalling -TDEs history for scenarios in which SF that takes place in the inner parsec (0.05-0.1pc), for NSCs that are built up through in-situ SF. Left: TDH evaluated for elliptical galaxies (SF occurs only in the first Gyr) for four masses of MBH. Right: TDE histories for three different types of galaxies for high SF rates (5 × 10 −3 M ⊙ , similar to Figure 2) clusters disperse in the same distance scales (few pcs), they introduce stars in the same manner as assumed in these FP models. We therefore compare the result of these two scenarios in Figure 8 . As can be seen, both scenarios provide very similar results, suggesting that the FP calculations can also be used to model the clusterinfall scenario.
4.3.
A global model for TDE history As described in the previous sections, we have followed the evolution of the disruption rates of stars for different types of galaxies and evolutionary/SF-history scenarios. Combining the rates we obtained for each galaxy type with the observational information about the fraction of each morphological galaxy type can provide a general prediction for the TDH of the universe. This analysis is done as follows; for each type of hosted MBH mass we obtain the global TDH by integrating the rates we obtained for the different galaxies and MBH mass, weighted by their relative fraction
where Γ Gi is the TDE rate for the i-th galaxy type with an MBH of mass m BH , and n Gi (m BH ) is its fraction of such galaxies in the local universe. The data for the fraction of each galaxy type is taken from observations (Calvi et al. 2012 ) and the MBH mass function is based on Kelly and Merloni (2012) . Note that in practice we use a sum over the MBH masses for which we have made the full calculation, rather than a continuous mass function. We generally find that the TDE rate dependence on the MBH mass goes approximately as Γ not surprising and have already been seen and discussed in depth in other studies. Previous models had not considered continuous SF, however our models for early burst of SF (elliptical galaxies) with no later SF are the most comparable. Indeed in those cases we find consistent results; Γ ; where the range of the power law dependence found in previous studies is 0.2 γ 1 0.5 (e.g. Wang and Merritt 2004; Merritt 2013b; Vasiliev and Merritt 2013; Stone and Metzger 2016) .
SUMMARY
In our work we provide a first theoretical study of the TDE rate history which considers star-formation and cluster infall scenarios as models for nuclear stellar cluster formation and evolution. We find that in most scenarios the TDE rates grow with time, due to the growth of the NSCs stellar density during their evolution, where the TDE rates decrease inversely with the mass of the MBH they host. We explored two different origins of the NSC: pre-existing NSC cusp that forms very early in the galaxy evolution or an NSC that grows more slowly through star formation or cluster infalls. NSCs with primordial cusps have initially larger stellar populations. The overall TDE rates they produce are therefore higher than those calculated for the cases of NSC which are built-up on longer timescales, and they are non-negligible already at early times. Consideration of different types of SF histories, corresponding to elliptical and spiral galaxies, also show a similar trend: the earlier the SF occurs (e.g. in elliptical where most SF is assumed to occur at the first Gyr), the faster the NSC is built, and the faster the TDE rates increase.
We also compared our disruption rates for NSCs with SF which occurs in the inner parsec, and found that in such SF scenarios a the TDE histories show a different behavior where: during the SF epoch the TDE rates rapidly grow, but then decrease and decay to a much lower level on a timescale of a few Gyrs.
Finally, to complement our main results from the Fokker-Planck models, we also modeled the TDH using data from full N-body simulations of the cluster-infall scenario. We found a good match between these rates and the FP results corresponding to a source term of stars in the NSC outskirts, further confirming the more simplified FP analysis.
Our results are mainly based on simple 1D FokkerPlanck models. Although these appear to be able to well capture the results of N-body simulations (at least for the cluster-infall scenario modeled through N-body simulations), they did not include a detailed galaxy merger history, and more complex non-spherical structures of NSCs. The role of these aspects and their effects on the TDH are not well determined, and should be considered in future work Future surveys of TDEs (e.g. using the LSST data) would be able to provide not only better estimate of the TDE rates in the local universe, and their dependence on the host galaxy, but also the history of TDEs. As we have shown here, the TDH can provide us with information on the overall evolution of nuclear stellar clusters and the star-formation history and properties in galactic nuclei through the combination of the observational data and the theoretical studies.
